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Figure 1. Overview of the three topics yen in this review: occupational risks and hazards, ipieee wearables, and connected worker 
solutions. Occupational risks and hazards come from various sources and can adversely affect the workers’ safety, productivity, and health. 
Workplace wearables are smart devices worn on the body as accessories or garments to collect data on physiological and environmental 
conditions. Connected worker solutions engage the workplace wearables to a centralized hub for data storage, management, analytics, 
visualization, security, and actions. The vector icons on occu- pational risks and hazards are reproduced (adapted) with permission from the 
OSHA website on “Top 10 Most Frequently Cited Standards for Fiscal Year 2020”."°! The product images in (b) are reproduced with permission: 
smart ring:'?*9! Copyright 2021, Oura; full face respirator:'®! Copyright 2021, 3M; smart watch:'©! Copyright 2021, Reactec; chest device:!*! 
Copyright 2021, Zephyr; headband:'"*! Copyright 2021, Muse; smart glasses:'?3! Copyright 2021, ViewPoint System; smart PPE vest:'®! Copyright 
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Figure 2. Examples of wearables for occupational safety monitoring. a) The Triax Proximity Trace consists of TraceTags affixed to hard hats for monitoring safe 
working distance and interactions. b) The SmartCap LifeBand measures brain waves to estimate alertness and fatigue levels at work. c) The StrongArm 
ErgoSkeleton Lift Assist helps with heavy lifting by transferring the load from the upper body and back to the legs. d) Reactec HAVwear is designed for the risk 
management of hand arm vibrations and provides real-time safety analytics and alerts. e) Kinvent dynamometers consist of force transducers with 
biofeedback to evaluate muscle strength and endurance. f ) Kenzen’s personalized app and smart PPE enable the continuous safety monitoring of workers by 
tracking the microclimate, core body temperature, heart rate and exertion. g) The Corvex Temperature Management platform monitors the work temperature of 
frontline workers, providing them with situational awareness and data transparency. The figures were reproduced with permission: a) Reproduced with permission.'*!! 
Copyright 2021, Triax; b) Reproduced with permission."1®! Copyright 2021, SmartCap; c) Reproduced with permission."*°! Copyright 2021, StrongArm; d) Reproduced 
with permission.'©! Copyright 2021, Reactec; e) Reproduced with permission.'"%%! Copyright 2021, Kinvent; f ) Reproduced with permission.'®?! Copyright 2021, 


Kenzen; and Reproduced with permission.'23° Copyright 2021, Corvex. 
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Figure 3. Examples of wearables for occupational productivity monitoring. a) ViewPoint Systems VPS 16 smart glasses have stereoscopic cameras that 
track spatial vision and have live streaming capabilities for mixed reality applications. b) Tactigon Skin uses sensors to detect hand gestures and Al to 
remotely interact with digital machines. c) The Tinylogic Foci clip-on device monitors the breathing patterns to estimate cognitive state of mind and 
suggests ways to avoid distraction at work. d) Muse 2 and Muse S headbands measure brain electrical activity and provide real-time feedback on body 
performance and mental focus. e) Hyco’s W562 smartwatch enables hands-free barcode scanning for goods tracking and asset management. 

a) Reproduced with permission.'?) Copyright 2021, ViewPoint System; b) Reproduced with permisison."°7! Copyright 2021, The Tactigon; 

c) Reproduced with permission."?) Copyright 2021, Tinylogic Foci; d) Reproduced with permisison."*4! Copyright 2021, Muse; and e) Reproduced with 


permission.'®*! Copyright 2021, Hyco. 
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Figure 4. Examples of wearables for occupational health monitoring. a) The MagnetRX Ultra Strength Magnetic Therapy Bracelet uses magnetic field stimulation to 
reduce pain and inflammation. b) The Spire Health Tag tracks the breathing, sleep, and stress patterns with advice on stress reactivity. 
c) Omron’s KardiaMobile 6L EKG detects heart rhythm, atrial fibrillation, bradycardia, and tachycardia. d) The Marakym Posture Corrector ensures stability and 
alignment, while the Marakym Ankle Support uses compression to prevent injury or facilitate faster recovery from injury. e) Arion Smart Insoles and Footpods 
monitor the cadence, posture, and balance with real-time feedback on corrective measures. f ) Everysight Raptor Smart Glasses assist with navigation displays and 
outdoor awareness. g) The QSun UV Exposure Tracker monitors outdoor sun exposure and vitamin D levels with personalized recommendations. h) The Embr Labs Wave 
Bracelet generates warm or cooling waveforms on the wrist to alleviate thermal discomfort. a) Reproduced with permission.'5® Copyright 2021, MagnetRX; b) 
Reproduced with permission."7”7 Copyright 2021, Spire Health; 
c) Reproduced with permission."* Copyright 2021, Omron; d) Reproduced with permission.232! Copyright 2021, Marakym; e) Reproduced with per- mission.'67! Copyright 
2021, Arion; f ) Reproduced with permission.2° Copyright 2021, Everysight; g) Reproduced with permission." Copyright 2021, 
QSun; and h) Reproduced with permission.”®” Copyright 2021, Embr Labs. 
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Figure 5. Examples of wearables for physical activity monitoring. a) Omron’s HeartGuide BP8000-M tracks the user’s aerobic steps, calories 
burned, and blood pressure. b) The Oura Ring monitors the heart rate, body temperature, activity, calories burned, respiratory rate, and 
sleep. c) Equivital’s LifeMonitor is a mobile human monitoring system that continuously measures the user’s galvanic skin response, 
respiratory rate, heart rate, ECG data, and activity. d) The Philips Actiwatch Spectrum Plus measures activity and cycles of being awake or 
asleep. e) The Zephyr BioHarness is a physiological monitoring device with telemetry for tracking the activity, body orientation, ECG data, 
heart rate, and breathing rate. f ) Hexoskin Smart Garments monitor the user’s cadence, activity, acceleration, heart rate, and breathing rate. 
a) Reproduced with permission."®! Copyright 2021, Omron; b) Reproduced with permission.'??9! Copyright 2021, Oura; c) Reproduced with 
permission.) Copyright 2021, Equivital; d) Reproduced with permission."?9! Copyright 2021, Philips; e) Reproduced with permission.'**! 
Copyright 2021, Zephyr; and f ) Reproduced with permission.'???! Copyright 2021, Hexoskin. 
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Figure 6. Architecture of a connected worker solution. The data collection devices use different device services to connect to the edge gateway 
for data preprocessing, caching, edge computing, and edge analytics. The cloud hub is responsible for data management, storage, security, 
and privacy. There are capabilities for streaming analytics with rule engines and AI/ML algorithms. The visualization studio displays the 
analyzed results on the dashboard and sends notifications to operators, supervisors, safety personnel, and workers. The strategies to control 
assets, devices, field services, and event streams are suggested by predictive algorithms. Finally, action items are executed to achieve the 
desired outcomes. 
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